Introduction {#Sec1}
============

Coronaviruses are enveloped non-segmented positive-sense RNA viruses belonging to the family *Coronaviridae* that can infect many hosts like humans and other mammals \[[@CR1]\]. During the past two decades, human coronaviruses (hCoVs) have caused three outbreaks; severe acute respiratory syndrome (SARS-CoV) in 2002, the Middle Eastern coronavirus respiratory syndrome (MERS-CoV), and the novel coronavirus disease in 2019 (COVID-19) \[[@CR2], [@CR3]\]. Compared with the two earlier outbreaks, the ongoing outbreak of COVID-19 pneumonia is more contagious, with more than six million people affected worldwide by the end of May \[[@CR4]\].

Figure [1](#Fig1){ref-type="fig"} provides an overview of therapeutic approaches currently used for COVID-19. Among anti-viral drugs, Remdesivir, an anti-Ebola drug, seems to be most promising. There are numerous drug options based on data from the experience of treating other diseases (Fig. [2](#Fig2){ref-type="fig"}) \[[@CR5]\]. However, each alone has insufficient efficacy in the treatment of patients with COVID-19, especially severe cases. Drug combination regimens are used to maximize their effectiveness \[[@CR6]\], which inevitably bring side effects. Thus, there is a need for therapeutic options to control the COVID-19 outbreak while keeping side effects at a minimum. Such options include plasma therapy, monoclonal antibodies, small molecule drug-based therapies, and immunotherapies.Fig. 1Efficient various therapeutic methods of COVID-19Fig. 2History of different treatments against viruses

Regenerative medicine offers various cell-tissue therapeutics and related products. It deals with the use of cells themselves either as therapeutic agents or as a vehicle for other therapeutic agents such as cytokines. Of particular interest to the subject are mesenchymal stem cells that not only possess the potential for regenerative medicine but also have shown promising results in the modulation of inflammatory responses \[[@CR7]\]. Besides, MSCs can secrete exosomes, extracellular membrane vesicles with size at the nanoscale \[[@CR8]\]. Cell-derived exosomes serve as vectors of cell therapy acted on intercellular interactions by a range of macromolecules they can carry. Notably, exosomes have been of high importance to immune regulation and for this may become of use for cancer therapy \[[@CR9], [@CR10]\]. Natural killer (NK) cell therapy has also shown to produce a marked anti-tumor effect, and this effect is mostly attributed to the direct action of NK cells on the immune system \[[@CR11]\]. In this manner, regenerative medicine and its immunoregulatory effects can be applied to the COVID-19, a viral infection associated with immune dysregulation \[[@CR12]\].

The present study aims to briefly consider current options for COVID-19 therapy to show that there is no specific cure for COVID-19, and then assess the real opportunities and range of promises regenerative medicine can provide for specific treatment of COVID-19.

Current Evidence-Based Recommendations for COVID-19 Treatment {#Sec2}
=============================================================

Plasma Therapy {#Sec3}
--------------

The plasma of patients recovered from viral infections can be considered as an appropriate treatment option without serious adverse effects \[[@CR13]\]. As mentioned earlier, the present century has witnessed two other pandemics caused by coronaviruses: SARS in 2002--2003 and the MERS in 2012. For both cases, convalescent plasma was a therapeutic option \[[@CR14]\]. Although convalescent plasma therapy has not been used in the United States in decades due to the availability of better therapeutic solutions such as vaccines, it is than 100 years old. Researchers claimed that during the 1918 influenza epidemic in Spain, the transfer of survivors' blood products, resulted in a 50% reduction in the mortality rate of critically ill patients \[[@CR15]\]. An equivalent policy was also utilized to treat measles and polio decades ago. However, vaccine science and anti-viral drugs were developed, and plasma therapy was banned for these conditions in the 1950s \[[@CR16]\]. The use of plasma therapy has been recommended during recent infectious outbreaks caused by Ebola \[[@CR17]\] and H1N1 \[[@CR18]\]. Notably, studies demonstrate that convalescent plasma is a successful therapy in reducing the mortality rate and shortening the period of hospitalization in patients with SARS-CoV and MERS-CoV \[[@CR19], [@CR20]\].

FDA has already announced plasma therapy as a therapeutic option for patients with COVID-19 \[[@CR21]\]. However, this method requires gathering plasma or serum from a sufficient number of people recovered from COVID-19. Therefore, plasma therapy can be considered as an option in the treatment of patients with severe COVID-19 until a superior treatment is found \[[@CR14]\]. Plasma therapy by passive transfer of antibodies acts on the neutralization of the virus.

In the case of inaccessibility of preparing the plasma from recovered people, monoclonal antibodies (mAbs) and genetically engineered animal hosts producing human antibodies can be considered as alternative sources of antibody preparation for SARS-CoV-2 \[[@CR22]\]. Monoclonal antibodies have exhibited their efficacy for the treatment of SARS-CoV and MERS-CoV \[[@CR23]\]. They, therefore, might possess the potential for the treatment of COVID-19. Noteworthy is the fact that the primary concept of passive antibody therapy is prevention and prophylaxis, while its therapeutic aspect stands on the second seat. The antibody transfer has the highest efficacy if will be administered at the early stage of the disease.

Monoclonal Antibodies {#Sec4}
---------------------

Monoclonal antibody (mAb) therapy can be used to treat many diseases, especially viral infections such as Ebola, influenza A, and HIV-1. The elderly patients are more likely to develop severe COVID-19, and their ICU admission ratio is substantially higher than that for the younger patients. Patients admitted to the ICU have higher amounts of cytokines such as IL-6, G-CSF, IP10, MCP-1, MIP1A, and TNF-α \[[@CR13]\] and such a cytokine storm can lead to severe organ damage and death. Corticosteroids are commonly used among critically ill patients. These drugs cannot specifically target the aforementioned inflammatory cytokines, but result in a general inhibitory effect over the immune system. The use of corticosteroids may, therefore, be associated with unwanted side effects in COVID-19 \[[@CR24]\]. Current evidence highlights the role of IL-6 in the pathogenesis of COVID-19 pneumonia. Consistently, patients with COVID-19, especially those who have high IL-6 levels, have shown clinical improvement following treatment with Tocilizumab, a monoclonal antibody that targets the IL-6 pathway \[[@CR25]\].

Small Molecule Drug-Based Therapies {#Sec5}
-----------------------------------

Although the novel coronavirus, SARS-CoV2, has recently been identified, the similarity of this virus with SARS-CoV in the genetic content might help the development of therapies of the novel coronavirus using previous treatments. Also, both SARS-CoV and SARS-CoV2 utilize the same host cell surface receptor. Therefore, blocking strategies used to prevent SARS-CoV cell entry might be useful against SARS-CoV2 \[[@CR23]\]. Drugs designated based on the viral genome offer another potential therapeutic approach \[[@CR26]\]. A salient example of these types of drugs is siRNA, small molecule drugs that can inhibit the viral replication cycle, host cell enzyme, or viral entry mechanism. Although these drugs have shown anti-viral activity in vitro and in vivo*,* most of them have the challenge of suppressing the immune system, and therefore, they should be used with caution.

Immune Regulation Therapy and Interferon Utilizing {#Sec6}
--------------------------------------------------

Immunotherapeutic approaches have been extensively used in the treatment of cancer \[[@CR27], [@CR28]\], autoimmune diseases \[[@CR29], [@CR30]\], and other immune system-related diseases \[[@CR31], [@CR32]\]. They can be adopted to ameliorate immune responses in COVID-19. By considering the success of interferons in viral infections, there are ongoing studies that investigate the efficacy ofinterferon-alpha-1b and alpha-2b for COVID-19 treatment \[[@CR33], [@CR34]\]. Also, studies demonstrate that SARS-CoV-2 profoundly affects T cell function \[[@CR33]\]. Patients with a severe form of the disease are most likely to possess a low number of lymphocytes, monocytes, eosinophils, and basophils and a high number of leukocytes along with a high neutrophil-lymphocyte-ratio (NLR). Both helper T (Th) cell counts and suppressor T cell counts are decreased in COVID-19 patients, and Th cell counts are much lower in the severe group of patients. Also, we witness rising the number of naïve Th cells besides falling the number of memory Th cells in severe cases. This evidence remarks on the potential of T cell-based immunotherapies for COVID-19.

The Real Opportunities for Regenerative Medicine in COVID-19 Treatment {#Sec7}
======================================================================

The primary regenerative cells in the lung are stem cells and progenitor cells that maintain the stable state and repair damage to the epithelial cells of the lung \[[@CR35]\]. Stem cells offer a potential method to treat extremely virulent coronavirus. Mesenchymal stem cells (MSCs) have shown the capacity to suppress lung inflammatory responses in the animal model of the influenza virus \[[@CR36]\]. Recently, Chinese researchers started a clinical trial to investigate the safety and efficacy of MSCs in improving the pulmonary complications of the new coronavirus.

As of April 6, 2020, China's clinical trial registry has included a total of 1140 cases of COVID-19, and ClinicalTrials.gov has registered 239 cases of COVID-19 (Table [1](#Tab1){ref-type="table"}). Of these, 38 cases are planned to undergo cell therapy, either receiving stem cells (MSCs, human umbilical cord MSC, Wharton's Jelly-MSCs, human menstrual blood-derived stem cells, and dental pulp MSCs) or NK cells (NKG2D-ACE2 CAR-NK Cells, cord blood NK Cells). None of the clinical trials registered have been completed.Table 1Cell therapy clinical trials that have been registered till 6 April 2020 \[[@CR90], [@CR91]\]Product; description; Licensed forStudy identifierStudy designPrimary outcomeStatus of trialTreatment with mesenchymal stem cells for severe COVID-19NCT04288102Phase 2 clinical *N* = 60 severe Covid-19 patients randomised 2:1 to 3 intravenous doses of mesenchymal stem cells (MSCs) or placebo (saline).Improvement time of clinical critical treatment index within 28 days Side effects in the MSCs treatment groupRecruiting: 2020-08-31/2020-12-31Mesenchymal stem cell treatment for pneumonia patients infected with 2019 novel coronavirusNCT04252118Phase 1 clinical *N* = 20 patients with covid19 Treatment: *N* = 10 treated with MSN *N* = 10 treated with conventional treatmentSize of lesion area by chest radiograph or CT (time frame day 28) Side effects day (time frame day 180)Recruiting: 2020-01-27/2021-12-15Stem cell therapy; Allogenic adipose mesenchymal stem cellsNCT04276987Phase 1, clinical *N* = 30 with severe covid19 Single group assignmentAdverse reactions Time to clinical improvement (28 days)Not yet recruiting: 2020-02-15/2020-07-31Human umbilical cord mesenchymal stem cells (UCMSCs) therapyNCT04293692Phase 0, Clinical *N* = 48 with moderate - severe covid19 randomised to UC-MSCs or placeboSize of lesion area by chest imagingRecruiting: 2020-05-01/2021-02-01Stem cell therapy; Umbilical cord mesenchymal stem cells.NCT04273646Phase 0, Clinical *N* = 48 with severe covid19; Randomised to stem cell therapy or placeboPneumonia severity index week 0- week 12. Oxygenation indexNot yet recruiting: 2020-06-30/2022-02-15Stem cell therapy; Umbilical cord-derived mesenchymal stem cellsNCT04269525Phase 2, Clinical *N* = 10, serious or critical covid19Oxygenation index day 14Recruiting: 2020-04-30/2020-09-30NestCell® mesenchymal stem cell to treat patients with severe COVID-19 pneumonia (HOPE)NCT04315987Phase 1, clinical *N* = 66 A dose of 1 × 10\^6 cells/kg will be administered IV on days 1, 3 and 7 in all subjectsDisappear time of ground-glass shadow in the lungs, Change of Clinical symptoms including duration of fever and respiratoryNot yet recruiting: 2020-03-20/2020-06-20Treatment of COVID-19 patients using Wharton's Jelly-mesenchymal stem cellsNCT04313322Phase 1,clinical *N* = 5 Patients positively diagnosed with COVID-19Improvement of clinical symptoms including duration of fever, respiratory destress, pneumonia, cough, sneezing, diarrhea.Recruiting: 2020-03-16/2020-09-30A Phase I/II study of universal off-the-shelf NKG2D-ACE2 CAR-NK cells for therapy of COVID-19NCT04324996Phase 2, clinical *N* = 90 NK cells,IL15-NK cells,NKG2D CAR-NK cells,ACE2 CAR-NK cells,NKG2D-ACE2 CAR-NK cellsthe efficacy of NKG2D-ACE2 CAR-NK cells in treating severe and critical 2019 new coronavirus (COVID-19) pneumoniaRecruiting: 2020-03-27/2020-09-30Human menstrual blood derived stem cellsChiCTR2000029606Phase 0, Clinical *N* = 18 Critically ill patients treated with stem cells, conventional treatment, artificial liver therapy, artificial liver therapy + stem cells, or Conventional treatmentMortality, Improvement rate in patientsRecruiting; 2020-01-15/2022-12-31Umbilical cord mononuclear cellsChiCTR2000029812Phase 0, Clinical *N* = 60 patients with Covid 19 randomised to umbilical cord blood mononuclear cells or conventional treatmentTime to disease recoveryNot recruiting: 2020-02-20 /2021-02-20Cord blood mesenchymal stem cellsChiCTR2000029816Phase 0, Clinical *N* = 60 patients with Covid 19 randomised to cord blood mesenchymal stem cells or conventional treatmentTime to disease recovery;Not recruiting: 2020-02-20 /2021-02-20Umbilical cord mesenchymal stem cellChiCTR2000029569Phase 0, Clinical *N* = 30 with severe and critical covid-19 randomised to Stem cell or conventional treatmentmortalityNot recruiting: 2020-02-05 /2021-04-30Umbilical cord blood mononuclear cellsChiCTR2000029572Phase 0, Clinical *N* = 30 with severe covid 19 randomised to Stem cell or conventional treatmentmortalityNot recruiting: 2020-02-05/2021-04-30Cord blood NK cells combined with cord blood mesenchymal stem cellsChiCTR2000029817Phase 0, Clinical *N* = 60 patients with Covid 19 randomised to High dose NK cells, and mesenchymal stem cells, Conventional dose NK cells and mesenchymal stem cells, or Preventive dose NK cells and mesenchymal stem cells.Time to disease recovery;Not recruiting; 2020-02-20/2021-02-20Cord blood NK cells combined with cord blood mesenchymal stem cellsChiCTR2000029818Phase 0, Clinical *N* = 60 patients with Covid 19 randomised to High dose NK cells, and mesenchymal stem cells, Conventional dose NK cells and mesenchymal stem cells, or Preventive dose NK cells and mesenchymal stem cells.Time to disease recovery;Not recruiting: 2020-02-20/2021-02-20Mesenchymal stem cellsChiCTR2000029990Phase 1--2; Clinical *N* = 120, Severe covid-19 randomised to mesenchymal stem cells or salineImproved respiratory system function (blood oxygen saturation) recovery timeRecruiting: 2020-01-30/2020-03-31Umbilical cord Wharton's Jelly derived mesenchymal stem cellsChiCTR2000030088Phase 0 Clinical *N* = 40 with critical covid-19 Treatment: stem cells (n = 20) 40 ml saline (n = 20)The nucleic acid of the novel coronavirus is negative CT scan of ground glass shadow disappearedNot yet recruiting: 2020-03-01/2021-12-31Human umbilical cord mesenchymal stem cellsChiCTR2000030116Phase N/A Clinical *N* = 16 with critical covid-19; Different stem cell dosesTime to leave ventilator on day 28 after receiving MSCs infusionRecruiting: 2020-02-01/2020-08-31Human mesenchymal stem cellsChiCTR2000030138Phase 2; Clinical *N* = 60 randomised to human umbilical cord mesenchymal stem cells (UC-MSC), or placeboClinical indexNot yet recruiting: 2020-02-24/2020-05-31Mesenchymal stem cellsChiCTR2000030224Phase N/A Clinical *N* = 32 stratified severity and randomised to stem cells or injection with salineSeveral primary endpoints -- not specifiedNot yet recruiting: 2020-02-14/2020-05-31Umbilical cord mesenchymal stem cellsChiCTR2000030300Phase 1 Clinical *N* = 9 study and evaluate the clinical effect of umbilical cord mesenchymal stem cellTime to disease recovery; Exacerbation (transfer to RICU) timeRecruiting: 2020-02-19/2021-02-20Stem cell educator therapyNCT04299152Phase 2 Clinical *N* = 20 patients with SARS-CoV-2 undergoing either stem cell therapy or conventional treatmentNumber of Covid-19 patients who were unable to complete SCE Therapy \[Time Frame: 4 weeks\]Not yet recruiting: April 10, 2020/November 10, 2020Dental pulp mesenchymal stem cellsNCT04302519Phase 1 Clinical *N* = 24 patients with severe covid-19 assigned to stem cell therapyDisppear time of ground-glass shadow in the lungs \[Time Frame: 14 days\]Not yet recruiting: 2020-03-05/2021-07-30Clinical investigation of natural killer cells treatment in pneumonia patients infected with 2019 novel coronavirusNCT04280224Phase 1Clinical *N* = 30,Randomized Intervention Model: Parallel Assignment Masking: None (Open Label) Primary Purpose: TreatmentImprovement of clinical symptoms including duration of fever \[Time Frame: Measured from day 0 through day 28\] Evaluation of pneumonia improvementRecruiting: 2020-02-20/2020-12-30Mesenchymal stem cell treatment for pneumonia patients infected with 2019 novel coronavirusChiCTR2000029580Phase 1 Clinical *N* = 40, Non-Randomized Intervention Model: Parallel Assignment Masking: None (Open Label) Primary Purpose: TreatmentSize of lesion area by chest radiograph or CT \[Time Frame: At Baseline, Day 3, Day 6, Day 10, Day 14, Day 21, Day 28\] Evaluation of pneumonia improvementRecruiting: 020-01-31/2020-02-29A study for the key technology of mesenchymal stem cells exosomes atomization in the treatment of novel coronavirus pneumoniaChiCTR2000030261Phase 0 Clinical *N* = 13, Patients with a novel coronavirus infectionLung CT, Nucleic acid detection of pharyngeal test, Leukocytes and lymphocytes in blood routineNot yet recruiting: 2020-02-28/2020-05-31The clinical application and basic research related to mesenchymal stem cells to treat novel coronavirus pneumoniaChiCTR2000030020Phase 2 Clinical *N* = 20, mesenchymal stem cells alone, Viral pneumoniaCoronavirus nucleic acid markers negative rate, Inflammation (CT of the chest), Trough and peak of pulmonary function FEV1, Symptoms improved after 4 treatmentsRecruiting: 2020-02-20/2020-02-24Key techniques of umbilical cord mesenchymal stem cells for the treatment of novel coronavirus pneumoniaChiCTR2000030173Phase 0 Clinical, *N* = 30, umbilical cord mesenchymal stem cells alone, umbilical cord mesenchymal stem cells alonePulmonary function, Novel coronavirus pneumonic nucleic acid test, pulmonary CT, chest radiographyNot yet recruiting: 2020-02-17/2020-04-17Safety and effectiveness of Human embryonic stem cell-derived M cells (CAStem) for pulmonary fibrosis correlated with novel coronavirus pneumoniaChiCTR2000031139Phase 0 clinical, *N* = 20, The cell dose was 3\*10\^6 cells / kg. It was intravenously infused twice in a row, and the interval between each infusion was 1 week (± 2 days). If the investigator considered it necessary, an additional infusion could be performed. Infusion interval 1 week (± 2 days) from the last timePulmonary function evaluation, Changes in blood gas analysis, Evaluation of activity, Evaluation of dyspneaRecruiting: 2020-03-20/2021-03-19Umbilical cord Wharton's Jelly derived mesenchymal stem cells in the treatment of severe novel coronavirus pneumoniaChiCTR2000030088Phase 0 clinical, *N* = 20, Iv injection of Wharton's Jelly mesenchymal stem cells (1 × 10\^6/kg), cell suspension volume: 40 mlThe nucleic acid of the novel coronavirus is negative, CT scan of ground glass shadow disappearedNot yet recruiting: 2020-03-01/2021-12-31HUMSCs and exosomes treating patients with lung injury following novel coronavirus pneumoniaChiCT2000030484Phase N/A clinical. *N* = 30 HUMSCs: intravenous infusion, 5 × 107 cells/time, 1 time/week, 2 times/course, a total of 2 courses; Exosomes: intravenous administration, 180 mg/time, 1 time/day, 7 days/course, 2 courses in totalPaO2/FiO2 or respiratory rate (without oxygen), The number and range of lesions indicated by CT and X-ray of lung, Time for cough to become mild or absentNot yet recruiting: 2020-03-03/2021-05-03Cancelled by the investigator clinical trial for umbilical cord blood CIK and NK cellsChiCTR2000030329Phase 0 clinical, *N* = 30 Umbilical cord blood NK cells (1.6 × 10E8/kg) were injected twice every other dayThe time of nucleic acid turns to negative, The incidence rate of complicationNot yet recruiting: 2020-03-01/2021-02-17Cancelled by the investigator clinical study of NK cells in the treatment of novel coronavirus pneumoniaChiCTR2000030509Phase 0 clinical, *N* = 20, Intravenous infusion of NK cells on day 0.3 and 6 .1\*107---1\*108/kg body weight of NK cells each dayTime and rate of novel coronavirus become negative. Level of IL2, IL4, IL6, IL10, TNF-alpha and IFN-gama decreaseNot yet recruiting: 2020-02-01/2021-02-01Clinical study of human NK cells and MSCs transplantation for severe novel coronavirus pneumoniaChiCTR2000030944Phase 1 clinical, *N* = 10, On the basis of the current clinical treatment of SNCP, NK cells and MSCs were increasedChanges of serum inflammatory factors, Patient death risk, Drug related adverse reactions and eventsNot yet recruiting: 2020-03-01/2020-08-31Allogeneic human dental pulp mesenchymal stem cells to treat severe novel coronavirus pneumoniaChiCTR2000031319Phase N/A clinical. *N* = 10 To discover a new therapeutic strategy for COVID-19 using allogeneic human dental pulp mesenchymal stem cellsDegree of Lung Lesion by CT, Time of SARS-CoV-2 test turns negativeNot yet recruiting: 2020-04-01/2020-07-31Clinical study of human umbilical cord mesenchymal stem cells in the treatment of novel coronavirus pneumonia induced pulmonary fibrosisChiCTR2000031430Phase 2 clinical. *N* = 100, Conventional treatment regimen + MSC treatmentLiver and kidney functionRecruiting: 2020-03-14/2021-12-31Clinical study for stem cells in the treatment of severe novel coronavirus pneumoniaChiCTR2000031494Phase 1 clinical *N* = 18 Conventional medication + Infusion of mesenchymal stem cellsChest imaging, lung functionRecruiting: 2020-02-01To 2020-12-02

During the 1980s, stem cell research emerged but remains somewhat controversial. Scientists initially considered human embryos as the source of the cells, but the theory drew fire for ethical reasons \[[@CR37]\]. Stem cells are cells with abilities of self-renewal and multi-directional differentiation. They are highly resilient early-stage cells that can differentiate into various types of fully functioning cells leading to the generation of tissue, organ, or body fluids \[[@CR38], [@CR39]\]. Stem cells could be used in the treatment of various organ-specific diseases.

MSCs {#Sec8}
----

MSCs exert anti-inflammatory and immune-regulatory effects, such as inhibition of atypical activation of T-lymphocytes and induction of macrophages to differentiate into anti-inflammatory macrophages and regulatory T cell subsets \[[@CR40]\]. Also, MSCs can reduce the concentrations of pro-inflammatory cytokines like IL1α, TNFα, IL6, IL12, and IFNγ, and therefore limiting the formation of cytokine storm \[[@CR40], [@CR41]\]. Studies show the effects of MSCs in the treatment of acute lung injury and chronic lung disease \[[@CR42]\]. A previous study found that MSCs can help to attenuate acute lung injury and ischemia-reperfusion mediated lung injury caused by lipopolysaccharide \[[@CR43]\].

MSCs release cytokines either by paracrine secretion or direct interaction with immune cells, contributing to immunomodulation \[[@CR44]\]. In other words, the cytokines secreted by activated leukocytes increase the immunomodulatory function of mesenchymal cells \[[@CR45]\]. Mesenchymal cells inhibit the production of hydrogen peroxide by stimulated neutrophils, and thereby reducing the intensity of inflammatory stimulation \[[@CR46]\].

MSCs can function to modulate both innate and adaptive immune responses \[[@CR47]\]. The unique feature of these cells is the ability to suppress and modify immune cells. MSCs have inhibitory effects on different types of immune cells, such as T lymphocytes, B lymphocytes, NK natural killer cells, and dendritic cells \[[@CR48]\]. MSCs further induce toll-like receptors (TLR) \[[@CR49]\], innate immune sensors that detect the molecular signals of viruses, bacteria, and fungi to activate innate immune responses to the invading pathogens. The induced TLRs, in turn, serve to regulate MSC function \[[@CR50]\].

MSCs can be a means of treatment in cytokine storm and lung injury associated with COVID-19 \[[@CR46]\]. A recent study of seven patients with severe COVID-19 confirmed the clinical efficacy and safety of intravenous MSCs \[[@CR51]\]. Patients showed an increase in lymphocyte count, a decrease in inflammatory markers and cytokines (such as CRP and TNF), and an increase in anti-inflammatory cytokine (IL-10). In this manner, treatment with intravenous MSCs was accompanied by the reversal of COVID-19-related immune abnormalities \[[@CR51]\], which include lymphopenia \[[@CR52]\] and inflammation.

The regenerative, pro-angiogenic, and anti-fibrotic paracrine effects of MSCs, in addition to their immunoregulatory effects, deserve attention in the context of COVID-19 \[[@CR53]\]. MSCs can produce IL10, hepatocyte growth factor (HGF), keratinocyte growth factor (KGF), and vascular endothelial growth factor (VEGF), which play a role in regenerating damaged lung tissue and resisting fibrosis, like diffuse alveolar damage (DAD) in SARS \[[@CR54]\]. DAD is a histological pattern in lung disease, which is seen in ARDS. It seems that MSCs possess the ability to produce the required factors to overcome DAD and regenerate the lung \[[@CR55]\]. Altogether, MSC transplantation controls inflammatory responses and counteract allergic reactions while encouraging tissue repair and regeneration. For this, MSCs can establish a lung microenvironment too ideal to be appreciated for the recovery from COVID-19 pneumonia \[[@CR56]\].

NK Cells {#Sec9}
--------

NK cells are innate immune cells in the frontline of defense against viruses along with monocytes \[[@CR57]\]. NK cells contribute to the clearance of cancerous or virally infected cells by recognizing damage-associated molecular patterns (DAMPs). DAMPs are endogenous danger molecules released from cancerous or infected cells and activate the innate immune system by interacting with pattern recognition receptors (PRRs).

When NK cells are transferred, inhibiting and activating receptors involved in different signal transduction pathways are induced to mediate the effector functions of NK cells \[[@CR58]\]. Cytotoxic effects are the most important part of NK cell character. The affinity of NK cells to other cells is determined by the degree to which cells express the major histocompatibility complex (MHC). A lower expression of MHC molecules by infected cells and transformed malignant cells direct the transferred NK cells and their cytotoxic effects to these cells, while a regular expression of MHC does not permit normal cell killing by NK cells. Cytokines seem to be crucial for the proper functioning of NK cells. On the one hand, numerous cytokines have shown to induce NK cells, and on the other hand, NK cells can produce cytokines. Notably, NK cells can activate interferon production, which is a marker for effective anti-viral immunity \[[@CR59]\].

Accordingly, NK cell therapy is being tested as a treatment for multiple liquid and solid tumors and also has the proven potential to treat viral infections \[[@CR60]\]. For patients who have a defect in innate immune response, NK cell therapy is an appropriate technique for amplification of the immune system's function. Placenta-derived NK cells are well tolerated, relatively healthy, and flexible, facilitating future applications across a variety of organs and tissues \[[@CR61]\]. NK Cells, in combination with standard therapy, might help the improvement of clinical symptoms in patients with pneumonia. Further studies are necessary to evaluate the efficacy of NK Cells in the treatment of COVID-19 \[[@CR62]\].

Exosomes {#Sec10}
--------

Exosomes are membrane-bound vesicles (EVs) that are created in the endosomal compartment. They play vital roles in cell-cell communication \[[@CR63]\]. MSC-derived exosomes (MSCs-Ex) are key therapeutic effectors of MSCs which promote tissue regeneration and, therefore, could be a suitable alternative in cell therapy. Also, they can be classified as non-immunogenic due to a limited amount of antigenic components \[[@CR64]\]. In recent years, various approaches have been used to deliver exosomes to target tissues in different disease models, and also, there have been some clinical trials \[[@CR65]\]. Exosomes include more than 150 miRNA \[[@CR66]\] and 850 proteins \[[@CR67]\], which play roles in both pathological and physiological events. Those derived from MSCs consist of different cytokines and growth factors, such as IL-6, IL-10, TGFβ1, and HGF, which comply with the regulation of immune responses \[[@CR68]\].

MSCs-Ex has therapeutic effects in different conditions, including cardiovascular diseases, neurological diseases, kidney diseases, and wound healing \[[@CR65]\]. MSC-EVs-based therapy could inhibit influenza virus replication and virus-induced apoptosis in lung epithelial cells \[[@CR69]\]. Also, they could significantly attenuate the increased airway hyper-reactivity (AHR) and pulmonary inflammation \[[@CR70]\]. Many others have also confirmed the potential of EVs to treat lung injury and inflammation in a rapid, effective, and clinically safe manner \[[@CR71]\].

EVs might help the treatment of acute respiratory syndrome caused by coronaviruses. Seraphin K. et al. \[[@CR72]\] showed that exosome-based vaccines containing the Spike (S) proteins of SARS-CoV could induce high levels of neutralizing antibodies. The S glycoprotein is one of four structural proteins of SARS-CoV that mediates viral entry into the host cells \[[@CR73]\]. Therefore, this protein could be a good target for vaccine development against SARS-CoV. The exosome vaccines contain membrane-anchored ectodomains of viral surface proteins. Therefore, the exosomes carry multiple copies of the same viral protein on their surface, which facilitates the cross-linking of the B cell receptor. Also, exosomes can include a wide range of cellular proteins such as those which support the induction of immune responses and neutralizing antibody titers \[[@CR72]\]. Therefore, exosomes with SARS-CoV2 components might be a potential vaccine for COVID-19.

The Promise of Regenerative Medicine in COVID-19 Treatment {#Sec11}
==========================================================

Recently emerged coronaviruses, SARS-CoV, MERS-CoV, and SARS-CoV2, can lead to potentially life-threatening respiratory tract infections in humans. It is mandatory to understand the mechanisms of lung injury to prevent or treat a severe form of COVID-19. Several models have been developed to model lung cells and tissue to study disease, pathogenesis, and drug discovery. Models based on specific patient cells can help develop personalized medicine.

In Vitro Engineered Lung Cell and Tissue Modeling {#Sec12}
-------------------------------------------------

Cell and tissue engineering aim to simulate the structure and function of complex organs such as lungs, liver, the heart for the purpose of organ transplantation and disease modeling \[[@CR74]\]. The disease models could help to a more accurate understanding of disease mechanisms and also investigate the effectiveness of different drugs to find the best treatment methods. In the case of lung fibrosis models, this emerging technology firstly appeared by two-dimensional (2D) cell culture models, which can be used to study individual cells through secure imaging and gene expression profiling of cells. However, they could not mimic the 3D nature of the tissue in terms of soluble gradient cues, cell-cell and cell-matrix interactions, cell polarity, and tissue maturation. In the upper level of lung modeling, two-point-five-dimensional (2.5D) cell culture models could form 3D-like fibroblast cellular adhesions and higher-level 3D epithelial acinar structures and thereby allowing epithelial maturation.

Nevertheless, they have some limitations to provide varied cell and matrix interactions similar to those existing in the human lung. Therefore, 3D cell and tissue culture models were introduced. These models mimic lung tissue microenvironment much more accurate than 2D and 2.5D models. Collagen hydrogels, acellular fibroblast-derived and lung matrices, lung spheroids and organoids, precision-cut lung slices (PCLTs), and fibrosis-on-chip are 3D in vitro tissue models for replication of lung structure, function, cell, and matrix interactions in different levels and various ranges of culture periods and high-throughput capacities intended for drug discovery of lung fibrosis \[[@CR75]\].

Personalized Medicine and Infected Lung Modeling {#Sec13}
------------------------------------------------

There is heterogeneity among patients with the same disease in terms of clinical manifestations and therapeutic responses. Induced pluripotent stem cells (iPSCs) are a type of stem cells, which can be generated directly from a somatic cell and are being used for preparing individual disease models in order to promote patient-specific studies in personalized medicine \[[@CR76]\]. A successful effort to generate a personalized lung disease model was recently reported \[[@CR77]\]. This model was obtained by adhesion of iPSCs on alginate bead surface functionalized by collagen I and poly (dopamine) coated in a bioreactor system. Then, lung organoid formation from each bead was placed in an individual well of a tissue culture plate. Organoids could form in 24 h up to 7 days based on how many types of cells are included.

Viruses in the human lung environment are different from those grown in cultured cells. M. Porotto et al. (2019) modeled the human parainfluenza viruses (HPIV) type 3-infected lungs in the form of organoids \[[@CR78]\]. This model could provide a framework for research on lung infections caused by different types of pathogens.

Current Anti-Viral Screening Models for Coronaviruses {#Sec14}
-----------------------------------------------------

High-throughput screening of functional drugs is critical in anti-viral drug development. So far, several cell-based cultures have been used for drug discovery of coronaviruses. For instance, cell-based assays using an infectious virus (BSL-3) and surrogate assays (BSL-2) have been used to investigate different inhibitors and small chemical compounds that inhibit the entry of the virus \[[@CR79]\]. Moreover, MucilAir™ is a low passage human airway epithelial cell model, which shows maximum similarity with physiological conditions \[[@CR80]\]. Also, SCR-1 cells that express GFP have been utilized to study graded doses of drugs for anti-SARS drug screening \[[@CR81]\]. These cell-based models have been valuable to drug discovery for coronaviruses. However, it seems that 3D models of the infected lung that previously described could better mimic the natural structure and function of lung structures, mainly when they are obtained from iPSCs. Overall, these models would pave the way into the drug screening process of coronaviruses.

Conclusion {#Sec15}
==========

The virus responsible for the ongoing pandemic of COVID-19 has shown to be a professional pathogen that can easily spread person-to-person no matter who and where \[[@CR82]\]. While the number of deaths attributed to COVID-19 is approaching 400.000, no specific treatment exists for the disease, and the current treatment methods for COVID-19 are confined to the previous therapeutic techniques for similar viruses or last generations of coronaviruses, including SARS- and MERS-CoVs. Such a situation calls attention from various medical specialties and subspecialties \[[@CR83]--[@CR85]\].

COVID-19 can involve multiple systems, including the central nervous system, the gastrointestinal system, and the respiratory system, and this will depend on its profound effects on the immune system \[[@CR86]--[@CR88]\]. Regenerative medicine offers various cell-tissue therapeutics and related products that might help the reversal of COVID-19-related immune dysregulation. In particular, the promising features of MSCs, including their regenerative properties and ability to differentiate into diverse cell lineages, have generated considerable interest among researchers whose work has offered intriguing perspectives on cell-based therapies for various diseases. The immunomodulatory effects of MSCs, which may assist in inhibiting cytokine storm and lung inflammation, are of particular interest for COVID-19 therapy \[[@CR89]\]. Besides, the potentials of NK cells to exert cytotoxic effects on infected cells and induce interferon production probably make NK cells a candidate for COVID-19 cell therapy. Cell-derived exosomes can be used as vectors for macromolecules, which can influence immune cells and signaling pathways, and therefore, become interesting for COVID-19 therapy. Finally, iPSCs can help the development of a personalized approach to COVID-19 therapy.
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:   Severe acute respiratory syndrome coronavirus
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:   Granulocyte-colony stimulating factor
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IFNγ
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LPS
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HCoV19

:   Human coronavirus19
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3D

:   Three-Dimensional
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